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ABSTRACT 


This report describes the techniques ami results of an investigation of (In¬ 
susceptibility of 1N23 point-contact microwave diodes to RF f9.375 CHz) energy. 
UsinH a minimum change in noise figure of 10 dB as the failure criterion, failure 
levels have been determined as a function of pulse width, pulse repetition frequency, 
and the number of pulses applied. The two significant results obtained are that the 
50-percent failure level is independent of pulse repetition rate at least up to 10 KHz 
and an empirical expression is derived which predicts these failure levels. This 
expression is proportional to the log of the pulse width times the number of pulses 
applied. Utilization of the data is demonstrated bv analysis of the susceptibility of 
a hypothetical system under an RF stress condition. 
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I. INTRODUCTION 


This report describes the techniques and results of an investigation of the 
susceptibility of 1N23 microwave mixer diodes to X-band radio-frequency (RF) 
radiation. Approximately 1000 diodes were subject to RF (9.375 GHz) energy at 
a number of pulse widths and pulse repetition rates for varying lengths ol time. 

The data was statistically analyzed to determine the 50-percent failure level for each 
strt.-s condition. Curves are presented for the 50-pereent failure level as function of 
the number of pulses applied for various pulse widths and as a function of pulse 
width for various numbers of pulses applied. 

The analysis of the data is focused on the development of an empirical 
equation to predict diode failure as a function of various KF parameters. The 
failure criterion used and the reasons for this criterion arc also discussed in 
Section II. A hypothetical system is postulated and a susceptibility analysis under 
an RF stress condition is performed in Section VI. 


II. BACKGROUND AND OBJECTIVES 

For several years, the Naval \\ capons Laboratory has had an on going program 
to investigate the effect.- of microwave radiation on solid state devices. One class of 
devices of particular interest is microwave diodes. These devices are nearly always 
located in the front ends of receiver systems in which they function as detectors 
ol Kt radiation. In such a location they arc particularly subject to high power 
microwave radiation. Use of these diodes is such that a failure ran render a system 
incapable of acquiring an intended If F signal. Considered in this report are X-hatul 
point-contact mixer diodes. 

I’oiut-eontaet diodes have been used in receiver systems for many years and 
much work lias been done relative to their failure levels. The failure criterion used 
in most of the work ha- been a 3 dlt change in noise figure. While this criterion 
laav be suitable for diodes used in a laboratorv system, it is of little il-e in naval 
electronic- sv-terns in which -an h a change m.iv not seriously alleel systems 
perlorinanee. In addition, until recently, pulse testing has always been done hv tbr 
lorri v line iiiclhodJ hi this method, a coaxial line i- < bulged (o some potential 
and then allowed to di.-ebarge through the diode, \lore reeentlv, it ha been 
aeiepted that tin- video pul-' tvpe lest doe- not aeeuratelv simulate all |{| pill-c.-" 


* liai-i il iinuier.il- reli r to iileuiu .illv numbered item- in the li-t o! rrlereiu e- at 
the end n! text. 
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V.anulartiirers' hiirnoiit .sperifiralmib 1 1 ;i\c also hern rather liurnoiit 

ii \<■!-. Iiasril mi video pulse lest' and tin 1 H- 1 ! 11 uoi~r fiauir i haum mitirioii. ilu n-• I 
":\r 'III I iririil III l'i il 11 lit 1 1 • >11 In allow .1 ili lailoi ,'i ' 1 1 ■ 111 Mi'ecpl ihllllv analysis. l'.\|>ii'lin 
limes are mil diTmite, and failure levels jtiven diffri ,iimnij; maiuifaeturers. 

1 ailure levels are a, uerallv pv< n for l\ui eiimlilion-: emit muons wave ((1\\) 
ami ~1 11 irt iiauoseev-nd video pulse exposure. Pulse widths stealer lliau 0.1 mierusivond 
ale assumed rijuivaleul to (i\\. lit m-ni rjl, Ilu re is presently little failure information 
as a Umetion of typieal radar parameters, exposure lime', or hirer eliaiwes in noise 
figure. This is (he type of mformalion required to evaluate an eleetroim sv.deiifs 
sii'eeplihililv to radai environmenls. 

The initial ohjeelive of this invrslieatioii was to determine the amount of noi-e 
ijenre deuradation o| |N_’-I diode- a tunelion ol Ivpieal radar parameters. Pre¬ 
liminary dala, however, indieale 1 11 1 ai due to (he diodes’ response. Ilii- would U'd 
lie possible. Figure I indieales this response, ll is evideul from thi' figure that 
the noise figure does not elian" 1 .’ monolomeallv . Iml rather undergoes randoin changes, 

I io 1 1 1 till I„.|||e and deeieasn-e. a- a lunetion ol the Tllimiier of pul-e- applied. fill' 
liehiivnu i' in,untamed until the ehanee exeeed' appiuxiiualelv K) dl,. time the 
ehau::e u muse figure Ini' e\i reded It! dll. the diode is peimaneuili degraded and 
dues not reelivi r. ll would Iherelore he prolnhitive In prediel, w ith am dearer ol 
eniilidnii e, noise figure rhangrs ol !e«s than It) dl! lor the applieatiou ol a fixed 
11 1 ill 1 1 •< 'I ■ I pulses line In the random iljlilie of these i hailgrs. The oillv lueaililiaful 
eh.maejs one of greater than Id ill!. These re.-ults are in agreeim nt with other test 
re.-ults. K< 
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In view of the above behavior, emphas's was placed on changes in noise figure 
of greater than 10 dB. This was done for various pulse widths, pulse repetition rates, 
and exposure times. Some work was also done on the amount of RF power reflected 
by the diode., as a function of incident power. Since the data has been corrected 
for reflections, the failure levels given are in terms of absorbed power. Information 
on the fractional amount of incident power reflected is therefore necessary in using 
the burnout data to perioim system susceptibility analysis. 


III. EXPERIMENTAL PROCEDURE 


The basic apparatus used to expose the microwave diodes to RF is shown 
schematically in Figure 2. The RF source is a CW sweep generator used in the 
discrete frequency mode. Modulation was performed on the low level signal out 
of the oscillator and then amplified by the TWT. Pul e width and repetition rate 
were controlled by the pulse generator. A preselected number of pulses was achieved 
by use of the programmable data generator as a trigger source for the pulse generator, 
which was operated in the external trigger mode. The data generator was used in the 
manual recycle mode. The purpose cf the one shot circuit was lo actuate the data 
generator and the oscilloscope camera. The directional coupler sampled both the 
incident and reflected power. The outputs of the crystal detectors are replicas of 
the envelopes of the incident and reflected RF pulses. These signals were displayed 
on an oscilloscope and recorded photographically. The data required to compute the 
RF power dissipated by the diode under test was obtained from this photographic 
record. The response of the crystal detectors (i.e., RF power input vs video voltagc 
output), combined with the calibration factors of the couplers and attenuators, 
provided the relation between displayed pulse amplititude (oscilloscope photo) and 
the incident and reflected power levels. 
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T!ii’ HI' 1 source was operated at a froipreney ot' 9.375 (ill/.. The pulse widths 
were \aried Iron) 0.3 jas In ’0(1 /as \ anatom in (lie pulse repetition rate w as Iron: 
I II/. to III kllz. The diode? were subjected to a lived number ol pulses r.iii^inp 
from 10 to 10k. The various conditions used for each lest are given in Table 1. 


Table I. List oi It I' Parameters l sed in Te.-ts 


PuUe 

Repetition 


V idth 

Rale 

y,,. o. 

(/as) 

(II/) 

Pulses 

1 

IK 

JO 

1 

IK 

too 

1 

IK 

L’K 


IK 

10K 

1 

400 

10 

1 

1 

10 

1 

I0K 

10 

3 

IK 

10 

3 

IK 

100 

It) 

IK 

It) 

HI 

IK 

too 

t Dll 

IK 

10 

0.3 

IK 

10 

0.3 

IK 

100 

0.3 

IK 

3.5 K 


The diode under lest was placed in an untuned waveguide crystal mount and lb 
video output oi the diode was terminated in ."><JS2. Sinc e tbc R K impedance ol tbe 
diode is in.iti Im! to the waveguide inipedanee only at a power level ol tin order ol 
I milliwatt, the incident ami reflected powers were monitored to determine tin net 
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IV. I)\TA ANALYSIS 


A slalislicui analysis of the data wus performed to determine percent failure as 
a function of all airbed power. For each set of 111 1 ' parameters listed in Taldc 1, a 
nuinlier of diodes was tested at each of several input power levels. Due to slight 
variations in incident input power mid differences in tin* amount of power reflected 
lor eaeli diode, the data loi each test condition exhibited a wide ranee m absorbed 
power levels. For taeli test eoiidition, tin diodes were arranged in groups. These 
groups were defined in sue 1 1 a wav that all diodes whose absorbed power tell within 
a specified range were eon-idered a- being in one cell. The cell width- were rliu-eu 
so that a minimum of 12(1 diodes would he contained in each cell. The range of 
uhsorhed power in each cell was no more than 1 10 percent about the average value. 

As an example, data analysis of the dioib-s tested at l-kllz pulse repetition rate, 
1 -/is pulse width, and an exposure of If) pulses lollows. Four cells were defined lor 
this ease. All diodes whose absorbed power fell within the limits 47 to 55 watts. 

40 to 45 watts, HH to HU watts, and 126 to 20 walls were grouped in their 
respective cells. The average absorbed power for eaeli cell was 52 watts, 42 watts, 

Ho watts, and 27 watt-, re.-peet ; vely . ()( the total deviiis le-lril in each cell, the 
percent failed was calcinated This yield'd the following results: 

Average Absorbed 


Width (watts) 

t’ower Value (watts) 

IVrcent Failed 

47-55 

52 

92 

4045 

42 

62 

33-HH 

H5 

50 

26 20 

27.3 

33.3 


Figure H is a graph ul this data. Five-percent error bars were used as being a 
reasonable maximum experimental error. 

The procedure outline,I above was followed for all lest conditions listed in 
Table I except for those diodes tested at 0.H /is, For this case, only the 50-pi remit 
failure level was determined. Figmcs 4 through 12 are graphs for the remaining test 
coudit ions. 

The data was also analyz' d to deteriiiuie ilic pen rntage of the power reflected 
ys ,i fliuelioii ol lei id'lit iiower. I lie iiienleiil power was divided into cells I walls 
wide still ting at (I wall, lor each incident pov.ri data point, tin- pen cut reflected 
wa- determined. The enrage incident powir and peri■ <■ 11 1 rilh-eled wee call ulali d 
lor eaeli cell .Old are pre-rut cil III Figure IT The error bar- .lie (lit'-rmuied Irolii 
tlie sjandai'l dcvuilm.i. 'Flu-- curve i- valid only for sy-tem- m vvliuli lie dioile is 
tuned to ali-orb DM) per rut o! the incident power at an input of I mW Tin.- i- 
iH't a serion- drawback 'iiin' it i« I y pn al of nin-l diode iiiim is. 
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V. RKSUI.TS 


<*in' siniiilieanl result which was determined is presentml in I'i^urc 14. This is 
a I'h'l dl (In' ;>()-pereenl failure level as a liinclioii nf pulse repetition rale lor a 
I ^is puUe width ami a sires* of ||) pulses. It is clear Iroin the "raph that the 
failure level is essentially independent of pulse repetition rate up to at least 10 k.11/.. 
Ilu's lieluiMor indicates a thermal relaxation time for the diode which is much faster 
than 100 jus, which is reasonahle. 
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figures | T> and l(i are the results ol the analysis lor the ,">0 percent failuie level. 

I ieure Iis a plot of the oO percenl failure level as a luni> . of pulse width lor 

various nuiuhers of applied pulses. It cm lie seen that lor viv lull" pulse widths, 
all the curves tend |ovvar>l a ' A\ failure level, as expected. I inure Hi i- a plot ol t'r 

oil |n in ot failure level as a mctimi of the iiuiiiher ol apnlied pulse-. Tin- 0.1 /i' 

euive was obtained l.v exlr,. dt<"i“ the curves of Tipne l.i. Hue to iiien linear 

in iiavioi in that repon. this -< . ,» ri .i-oii.dile. ',..,1011 lie curve- are plotli d down 

(o expo-mis ol III pulse-, their Iiiumi behavior should low one to extend the-c dov 
|o ,1 sinnle |>11 1 -e expo'ilie. l or a I,up- iiiuidn r oi applied p ,,l -i .-, the-e iiiivcs also 
f ml toward a (,V. level, Sun r (hr .'tl pi n rut lailnre level 1- iudependenl ol pi 1 1 -i* 

II petition lale- up In It) tin imuiher ol pul'Cs ri ipiired. to 1 ail-e tailllle c all 

lie tl .in -1 o| nod llllo exjiii-iiir lilue tin a pvrll repetition 

















Figure 16 is particularly interesting in that all the curves tend to haw the same 
slopi . It can he seen, for example, that the failure for a 1 ps, 10-pulse stress con¬ 
dition i> apprnxinintel\ the same as the failure lewl lor a 0 .|-/js, 10(1 pulse stress 
condition. This relation is more elearlv iinlie.iteil in f igure 17 where the TU-pereent 
failure level is plotted as a function m the product of the pulse width anil number 
of applied pulses. The straight line drawn through the data [mints was determined 
as a least squares fit to the data and is given hy the empirical formula on the graph. 
For any given pulse repetition rate up to 10 kl!/. and pulse width greater than 0.1 ti¬ 
the oO-pereenl faihne level can le- determined hv tin- use of the empirical expressions 

given 111 Figure 17. 
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VI. DATA l ITI.I/ATION 


Till' il.il.i jiiven 111 tin- report I .III lie n-e.l to evaluate ill" .->nr\i\.lLiiiit\ of u.n.i 
eleeli miii -A-leni- 111 I'.pu.il rail.II eiiMI .: 'iirnt- wlie-i .-■■«-! I O -lem- emploN miem'.v 
illmle-. Tin- i .ill in- linin' either ill tile ilrsjen i,!;.’-e. In 111-lire -lllln ieilt proleeltnl 
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• It- 11 H HI- 1 T.l l >' tlli> 1 11 i I l/.l t in 11 . 
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M = A number determined l>\ the mixer eliaraeteristies 
P.\ “ Power (peak) ahsurhed hv diode in walls 
]•’ = PYaelionul power refieiTed b\ diode 

1 I - - r>Opereenl power failure level 
I Pulse width in seeonds 
N - Numl.ei ,,| pulses 

l 

lor till- ease. ;i-_-1 i 11! ■ • (here aie Im losses helw'ten llie reeeivill" aliteillia and the 
lllivr. Siliee the mixer Is a hal.Mii ed Iiuxer einilainiii^ two diode- eaeli ol uliieli 
leeeives halt u> llie power im ideul upon llie mixer. I i- d o. Then (In- power 
reaehiii" llie iliode al a dislanee of oil m i- euletilalcd I > he ahoul 40 wall-. Prom 

C* 

P ieiire |.'{ and eipialion [ 2 ). llie power ahsorlo-d hv the diode is ahoul l!<i walls. 

i 

l nder llie a-- Hilled ( Midi I lint ol a oO ills exposure. <jl) piil'i's will he reeeiM-d. I 

l -me euualion llie laihire level lor lhe.se eoiidilion- I- ahoul 2(i wall-. In (hi- | 

ease. Ihe laeeiver v iilnei ahilil v i- nwiv.inal. If this were |n he a n ii-iver in a new j 

svslem. llie analvsi- ■ n< 1 1■ ale- lh.il some prol>'e|mu should he htiill into lie rereiver I 

to ensure sinvivahililv in tin- aidieipaled envirouinenl. 



VII. CONCUSSIONS 
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